Although clinical hypertension occurs less frequently in children than in adults, ample evidence supports the concept that the roots of essential hypertension extend back to childhood. Since little is available in the literature on causal dietary factors of hypertension in children, this study hypothesised that certain dietary factors can be identified as risk markers that might contribute to the aetiology of hypertension in black children. Children aged 10-15 years were randomly selected from 30 schools in the North West Province from 2000 to 2001. These children comprised 321 black males and 373 females from rural to urbanised communities, of which 40 male and 79 female subjects were identified with high-normal to hypertensive blood pressure. Blood pressure was measured with a Finapres apparatus and data were analysed with the Fast Modelflo software program to provide systolic, diastolic and mean blood pressure. A 24-h dietary recall questionnaire and weight and height measurements were taken.
Introduction
There is very little direct evidence about the determinants of common cardiovascular disease in large populations in sub-Saharan Africa. 1 Hypertension is a major public health concern in the urbanised black population in South Africa. [2] [3] [4] Adults in the South African North West Province are no exception, and indicated a hypertension rate of 21.8%. 5 Although clinical hypertension occurs less frequently in children than in adults, [6] [7] [8] ample evidence now supports the concept that the roots of essential hypertension extend back to childhood. Of particular importance is the documentation that elevated blood pressure in childhood often correlates with hypertension in early adulthood, thereby supporting the need to track blood pressure in children. 9, 10 The genetic make-up of the individual explains 20-60% of the occurrence of hypertension, 11 whereas environmental factors, such as dietary factors, are much less important and explain 0-16% of the causes of hypertension. 12 Various studies, however, have shown that certain dietary factors not only significantly lower blood pressure, but nutritionally balanced meals could also improve multiple risk factors for patients with cardiovascular disease. 13, 14 Whether hypertension is of genetic or environmental origin, the control of dietary intake has a place in the management and prevention of cardiovascular diseases. 15 A recent review of studies examining dietary nutrients and blood pressure in children concluded that there is a paucity of studies examining the effects of multiple nutrients and/or the influence of macronutrients on blood pressure in children. 16 By including multiple dietary factors together and evaluating their interactions, it is possible to detect specific associations between dietary factors and blood pressure. It is particularly important to study the association of diet and blood pressure in black, hypertensive children, because elevated blood pressure in childhood is of concern since children within the upper distribution of blood pressure are at risk of developing hypertension in adulthood. 16 Given the present state of knowledge, the hypothesis is that there are specific dietary factors that can be identified as risk markers, which might contribute to the aetiology of hypertension in black children. This report presents findings on this matter from data obtained in the THUSA BANA study (Transition and Health during Urbanisation in South Africa in Children; Bana: Children), which was designed to assess the relationship between the level of urbanisation and the health status of children of the North West Province of South Africa.
Methods

Study design
A total of 30 black schools were randomly selected from the four geographical quarters of the North West Province. These schools were visited during the weeks preceding the collection of data in order to obtain permission from the relevant school principals as well as from the parents of the children. Children within the schools were also randomly selected from class lists. Data collection took place during normal school hours.
Subjects
Apparently healthy children between 10 and 15 years of age were recruited from each of the 30 schools over a period of 2 years (2000-2001). These children comprised 321 black males and 373 females from rural to urbanised communities. The total number of children that formed part of the THUSA BANA study consisted of 1257 children, but the necessary data were only available for 694 subjects. The subjects used in this study therefore formed an availability sample. The hypertensive group consisted of 40 males and 79 females with high-normal to hypertensive blood pressure. Hypertension in children is defined as an average systolic or diastolic blood pressure greater than or equal to the 90th percentile for age and sex. 17 Height percentiles were also taken into consideration since body size is the most important determinant of blood pressure in childhood and adolescence. 17 The normotensive group consisted of 281 black male and 294 female subjects with blood pressure lower than the 90th percentile for age and sex ( Table 1) .
The Ethics Committee of the university approved the study, and all the parents of the subjects gave informed consent.
Data collection and measurements
The subjects were all introduced to the experimental setup, after which each one was separately subjected to the following procedures.
Blood pressure
The subjects were connected to the Finapres (fingerarterial pressure) apparatus 18, 19 and blood pressure was recorded continuously. After a period of rest of at least 10 min, resting blood pressure values were obtained. Blood pressure was regarded as resting when the systolic blood pressure (SBP) did not change with more than 10 mmHg during the last minute of this period, otherwise the resting period was extended. The resting blood pressure was then recorded continuously for 1 min. The data were stored on magnetic tape by means of a Kyowa RTP-50A four-channel data recorder and digitised for further analysis by means of the Fast Modelflo software program. 20 In this way the SBP, diastolic blood pressure (DBP) and mean arterial pressure (MAP) were obtained.
The vascular unloading technique of Penáz together with the Physiocal criteria of Wesseling provided reliable, noninvasive and continuous estimates of blood pressure. 19, 21 This technique is thus an alternative to the invasive intra-arterial measurements in many cases, without the risks and ethical questions inherent to invasive measurements. Since the pressure waveform is available continuously, computations provide further information on the dynamics of the cardiovascular system on a beat-to-beat basis, similar to intraarterial measurements. 20, [22] [23] [24] Weight and height Qualified anthropometrists took weight and height measurements. Height was measured to the nearest 0.1 cm and weight was measured to the nearest 0.1 kg by means of a calibrated electronic scale (Precision Health Scale). The waist and hip circumferences of the subjects were measured with a flexible Lufkin anthropometric steel tape to the nearest 0.1 cm. The following equations were used to determine body mass index (BMI) and waist-tohip ratio (WHR): 25 
Dietary intake
Fieldworkers trained by registered dietitians collected dietary intake data. A 24-h dietary recall was collected face-to-face and the data collection interview method and nutrient coding were the same for all recalls. Food models and photo books for portion-size estimates were used for the recalls. This type of dietary assessment is widely used in international epidemiological studies. 10, 26, 27 Macronutrients (protein, fat and carbohydrate) and fibre were calculated, and micronutrients (such as calcium, magnesium, sodium, potassium and phosphorus), vitamins (such as A, B 6 , B 12 , C, D, E and biotin) and cholesterol were calculated in the appropriate units, using a computer programme based on the South African food composition tables. 28 
Statistical analysis
All processed data were transferred to Excel and further statistically analysed by means of the software computer package STATISTICA. 29 Owing to skewed distributions, all dietary variables were logarithmically transformed. Since the blood pressure parameters had a normal distribution, log transformations were not necessary. Multivariate analyses and forward stepwise regression analyses were used to assess the association between SBP, DBP and MAP as dependent variables and the following (log-transformed) independent variables: dietary macronutrients (total protein, plant protein, animal protein, total fat, saturated fat, monounsaturated fat, polyunsaturated fat, total carbohydrates, added sugar, energy), dietary fibre, dietary cholesterol, dietary micronutrients (calcium, magnesium, potassium, sodium, zinc, iron, phosphorus, copper) and dietary vitamins (vitamin A, thiamine, riboflavin, nicotinic acid, biotin, pantothenic acid, vitamin B 6 , folic acid, vitamin B 12 , ascorbic acid, vitamin E). At first, stepwise regression analyses were done to determine the most significant (Pp0.05) determinants of SBP, DBP and MAP in the entire subject group. Thereafter it was done in the four subject groups, namely normotensive males, hypertensive males, normotensive females and hypertensive females. Independent t-tests were used to determine whether significant differences existed between the age, BMI, WHR and dietary intake of the normotensive and hypertensive groups.
Results
The overall sample consisted of 694 participants divided into a male (46.2%) and female (53.8%) group. Each group was divided into a normotensive (NT) and hypertensive (HT) group (Table 1) . No significant differences (Pp0.05) were detected between the age, BMI and WHR of the NT and HT groups. Table 2 presents the regression analyses of the entire subject group. In this stepwise regression model, with SBP, DBP and MAP as the dependent variable and presence of hypertension, gender and all the dietary factors used as independent variables, it was clear that the presence of hypertension and gender dominated the associations with the three dependent variables (SBP: R 2 ¼ 0.41; DBP: R 2 ¼ 0.39; MAP: R 2 ¼ 0.44). These results motivated the division of the subject group into four smaller groups (normotensive and hypertensive males, and normotensive and hypertensive females) in order to investigate associations with dietary variables within certain subject groups.
When using the four subject groups in the stepwise regression analyses, the dietary variables as shown in Table 3 were significantly associated (Pp0.05) with the blood pressure parameters. (Dietary variables not shown in the table did not indicate any significant associations.) In this stepwise regression model, with SBP, DBP and MAP as the dependent variable and all the dietary factors used as independent variables, biotin (P ¼ 0.003), folic acid (P ¼ 0.04) and magnesium (P ¼ 0.01) intakes were significant markers of SBP in hypertensive males. In hypertensive males, these three variables, as well as added sugar (P ¼ 0.058) intake, explained 27.5% of the variance in SBP (R 2 ¼ 0.275). Biotin (P ¼ 0.0006), pantothenic acid (P ¼ 0.01) and zinc (P ¼ 0.01) intakes were significant markers of DBP in hypertensive males. Together with added sugar (P ¼ 0.12) and energy (P ¼ 0.11) intakes, these five variables accounted for 28.9% of the variance in DBP. Biotin (P ¼ 0.007) and folic acid (P ¼ 0.03) along with zinc (P ¼ 0.053) accounted for 23.7% of the variance in the MAP of hypertensive males.
In hypertensive females no significant dietary markers were indicated for SBP, but energy (P ¼ 0.003), biotin (P ¼ 0.02), iron (P ¼ 0.001) and vitamin A intakes (P ¼ 0.01) were significant markers for DBP. Together with folic acid (P ¼ 0.06), these parameters explained 22.4% of the variance in DBP.
No significant dietary markers were indicated for any of the normotensive groups, since the R 2 values ranged from 0.01 to 0.06 (thereby explaining only 1-6% of the variance in blood pressure parameters).
In Table 4 the dietary intakes of the aforementioned dietary markers are compared against the Table 3 Stepwise regression of SBP, DBP and MAP as dependent variables with independent variables in normotensive and hypertensive subjects of both sexes. Contribution to R 2 (C) and level of significance P are shown dietary reference intakes (DRI) or recommended dietary allowances (RDA) for the specific nutrients. From these data, it is evident that energy, biotin, folic acid, pantothenic acid, zinc, iron and vitamin A intakes were well below the DRI or RDA. It was only magnesium intake that was close to the RDA, although still below it. When comparing the dietary intakes of the normotensive and hypertensive groups, there were almost no significant differences between the intakes of the groups. The only significant differences (Pp0.05) were a higher riboflavin intake in the hypertensive male group and a higher vitamin B 12 and vitamin A intake in the hypertensive female group, compared to the normotensive group.
Discussion
This study examined relationships between dietary nutrients and blood pressure in growing children. Apart from the strengths of the study, such as comprehensive dietary analysis and careful blood pressure measurement with quality control, a weakness of the study was the sample sizes, especially the hypertensive male group. However, an availability sample had to be used, and it is suggested that since very little information regarding black children is available, the findings be viewed as indicators of potentially important dietary components that warrant further study.
The BMI and WHR of the hypertensive groups were slightly higher than the normotensives, but there were no significant differences between the BMI and WHR of the groups of both sexes. From these results, it seems as if obesity among black children is rare because of their dietary patterns, or the prevalence of hypertension among black children younger than 15 years cannot be ascribed to obesity.
When the dietary intakes of the normotensive and hypertensive groups were compared, it was also evident that there were almost no significant differences between the intakes of the groups. Expected differences in dietary intakes such as sodium, potassium, calcium, protein, lipids or fibre did not occur. Intake of sodium in all groups (1468.5-1873.3 mg/day) was higher than the estimated minimum requirements 30 of 500 mg but well below the upper limit of 6 g/day. Although the intake of sodium was slightly higher in the hypertensive groups, the difference was not substantial. Whether the dietary recall information was reliable is uncertain, because it is almost impossible to quantify salt added during food preparation or at the table. However, it has been demonstrated that dietary recall information on sodium consumption parallels 24-h urinary sodium excretion. 31 Potassium intake ranged from 1508.2 to 1673.1 mg/day, which is far less than the estimated minimum requirements of 2000 mg. 30 Dietary factors that contributed significantly to the blood pressures of hypertensive children are remarkably similar to those indicated as deficiencies in primary school children of South Africa. 32 Vorster et al 32 observed iron, vitamin A, folic acid and calcium deficiencies in preschoolers and primary school children. It was also evident that much less research has been done on adolescents, but iron and folic acid deficiencies were common and black children seem to have low vitamin A, E, B 6 and also calcium status.
According to this study, energy, biotin, folic acid, pantothenic acid, magnesium, zinc, iron and vitamin A intake are the strongest markers for SBP, DBP and MAP in black hypertensive children, although all markers were not applicable to each blood pressure parameter ( Table 3 ). All of these nutrients were indicated as deficient in these children (Table  4 ). In accordance with the research of Vorster et al 32 vitamin A, iron, folic acid (Table 4 ) and calcium deficiencies were observed, but other deficiencies that occurred, namely phosphorus, potassium, copper and fibre, which were not indicated as markers for hypertension in this study, were also observed in both normotensive and hypertensive children. Intake of all of the other dietary factors concurred well with the dietary reference values. 30, 33 Deficiencies of potassium, calcium and magnesium, which are known for their antihypertensive abilities, [34] [35] [36] occurred in the hypertensive group, but these deficiencies were also prevalent in the normotensive group. Hypertension could therefore not be ascribed to the deficiencies, but it could possibly be explained by a combination of genetic predisposition as well as specific nutritional deficiencies and probably other environmental factors.
Some of the most profound results in this study were the associations of blood pressure with folic acid and biotin. The relationships of the SBP and DBP of hypertensive males with folic acid are in accordance with previous studies. 26, 37, 38 Folic acid has been shown to be beneficial and very effective in reducing plasma homocysteine levels. By reducing this risk factor for cardiovascular disease, folic acid intake contributes to the lowering of blood pressure. 37, 38 Associations of biotin were observed throughout with SBP, DBP and MAP in hypertensive males, and also with DBP in hypertensive females. Although estimated average requirements for biotin are available, the human biotin requirements in specific populations and at various ages remain uncertain, in part because indicators of biotin status have not been validated up to this stage. 39 Considerable basic information concerning biotin availability and nutritional status also remains unknown. 40 The data sets for biotin of the Food Composition Tables seem as if a few possibilities for biotin intake are not indicated. 28 However, the data sets are basically complete, since the biotin content of food sources that were left out were food sources not normally ingested by children in these parts of South Africa.
The majority of biotin in meats and cereals appears to be protein-bound, and biotin is widely distributed in natural foodstuffs. However, the absolute content of even the richest sources is low when compared with the content of most other water-soluble vitamins. Foods relatively rich in biotin include egg yolk, liver and some vegetables. 41 Since the vitamin synthesised by the microflora in the colon can be absorbed, cases of deficiency are rare and there is a paucity of quantitative information about the biotin needs of humans. 42 Research by Ho and Cordain 43 indicated that symptoms of biotin deficiency are similar to that of essential fatty acid deficiencies (EFAD). Since EFAD have rarely been regarded as problematic in developed nations, studies have shown that insufficient levels of essential fatty acids could influence the aetiology of cardiovascular disease. Owing to the prevalence of high carbohydrate/low fat diets in the population studied, there may be a concomitant increase in the prevalence of both biotin and essential fatty acid insufficiencies.
According to the results of this study, a specific threshold for biotin intake is proposed and could cause an inversion of the cardiovascular effect of biotin. This means that insufficient intake of biotin could cause an increase in cardiovascular risk of hypertension. A gradual increase in biotin intake could result in a higher risk until a threshold value is reached. From this point, which could also be a sufficient biotin intake, the cardiovascular risk could be lowered.
It is clear that the low energy density of weaning foods and of the diets of especially rural black school children, coupled with a low intake of fruits, vegetables, legumes and milk by many individuals, are the main deficiencies in the South African diet. 32 Based on the results of this study, it is speculated that the deficient intakes of essential nutrients, such as vitamin A, vitamin C, vitamin E, folic acid, biotin, pantothenic acid, magnesium, zinc and iron, may cause a decrease in arterial compliance by impairing endothelial function at a young age, thereby beginning a process leading to hypertension in later life.
The dietary results coupled with the cardiovascular parameters of this study identified folic acid and especially biotin as risk markers that could contribute to the aetiology of hypertension in black persons. The low intake of these nutrients, among others, is a matter of serious concern, as is the increasing tendency towards urbanisation of prudent traditional diets, thereby increasing the risk of chronic lifestyle diseases.
